Soil erosion by water is a widespread phenomenon throughout Europe and has the potentiality, with his on-site and off-site effects, to affect water quality, food security and floods. Despite the implementation of numerous and different models for estimating soil erosion by water in Europe, there is still a lack of harmonization of assessment methodologies.
The present study illustrates this approach. Using only public available datasets, we applied the Revised Universal Soil loss Equation (RUSLE) to locate the most sensitive areas to soil erosion by water in Europe.
A significant effort was made for selecting the better simplified equations to be used when a strict application of the RUSLE model is not possible. In particular for the computation of the Rainfall Erosivity factor (R) the reproducible research paradigm was applied. The calculation of the R factor was implemented using public datasets and the GNU R language. An easily reproducible validation procedure based on measured precipitation time series was applied using MATLAB language. Designing the computational modelling architecture with the aim to ease as much as possible the future reuse of the model in analysing climate change scenarios is also a challenging goal of the research.
Introduction
Despite the implementation of a variety of models for estimating soil erosion by water in Europe [1] , there is still a lack of harmonization of assessment methodologies.
Often, distinct approaches lead to significantly different soil erosion rates and even when the same model is applied to the same region the results may differ. This can be due to the way the model is implemented (i.e. with the selection of different algorithms when available) and/or to the use of datasets having distinct resolution or accuracy.
Scientific computation is emerging as one of the central topic within environmental modelling [2] , to overcome these problems there is thus the necessity to develop reproducible computational methods based on free software and data [3, 4] , and to also reuse -in a controlled way -empirical equations for compensating the lack of detailed data.
The present study illustrates such an approach. Using only public available datasets (SGDBE [5] , SRTM [6] , CLC and E-OBS [7] ) , we applied a derived version of the Revised Universal Soil loss Equation (RUSLE) [8] to locate the most sensitive areas to soil erosion in Europe. We decided to use a RUSLE-based approach because of the flexibility and least data demanding of the model [9, 10] .
A significant effort was made [11, 12] toward reproducibility and to select the better simplified equations to be used when a strict application of the model is not possible. In particular for the computation of the Rainfall Erosivity factor (R) the reproducible research paradigm was applied.
The model
The Revised Universal Soil Loss Equation (RUSLE) has been extended by including a correction factor St c,Y able to consider the stoniness:
where the factors refer to a specific grid cell c and represent the annual average for a certain set of years Y = y 1 , · · · , y i , · · · , y n Y (R factor) or -where data are stable or missing -the values corresponding to a temporally more localized set of data:
L c,Y = slope length factor (dimensionless).
S c,Y
= slope steepness factor (dimensionless).
St c,Y = stoniness correction factor (dimensionless).
P c,Y
= support practice aimed at erosion control (dimensionless).
Advantages: simplicity and robustness.
Limits: at this resolution and according to the uncertainties associated with the input data, this model is only relevant to locate the areas prone to soil erosion. 
Within the framework, the complete equation has been fully implemented to accurately estimate R where detailed time series of measured precipitation (10 to 15 minutes of time-step) have been made available across Europe.
However, the scarcity of these accurate datasets and the desire to design a reusable framework for assessing water soil erosion at regional scale with only limited and approximated information motivated the creation of a climatic-based ensemble model for estimating erosivity from multiple available empirical relationships.
The array programming paradigm [23, 24] was applied using MATLAB language [25] and GNU Octave [26] computational environment. Within that paradigm, a semanticconstraint oriented support was adopted by exploiting the Mastrave library [27, 28] .
Multiple layers of geospatial data over a wide spatial extent may naturally be modelled as corresponding arrays (e.g. here raster grids of heterogeneous -coarser or Bosco 
denser -spatial resolution have been used).
Geoprocessing is required for the layers to be transformed in arrays with harmonised projection and datum.
Array programming has been introduced by Iverson [23] in order for the gap between algorithm implementation and mathematical notation to be mitigated. As Iverson underlined, "the advantages of executability and universality found in programming languages can be effectively combined, in a single coherent language, with the advantages offered by mathematical notation" [23] .
Following this approach, prototyping complex algorithms can benefit from a compact array-based mathematical semantics. This way, the mathematical reasoning is relocated directly into the source code, actually the only place where the mathematical description is completely formalised and reproducible.
The semantic array programming paradigm [27, 28] (here applied [29] ) has been designed to support nontrivial scientific modelling with the help of two additional design concepts:
• modularizing complex data-transformations in autonomous tasks by means of general and concise sub-models, possibly suitable of reuse in other context. A harmonised predictable convention in module interfaces also relies on selfdocumenting the code;
• semantically constraining the information flow in each module (input and output variables and parameters) instead of relying on external assumptions (e.g. instead of assuming the correctness of input information structured as an object).
In the present application, the R factor climatic-based ensemble model was implemented using public datasets and a novel methodology was applied for merging together multiple empirical equations. This was done by extending the original geographical domain of validity of each equation to similar areas.
The climatic similarity has been based on the relative-distance similarity methods of Mastrave [27] . The climatic layers have been computed by using GNU R language [30] and GNU Octave. The R factor computational framework will be available as free software [31] .
Climatic ensemble modelling using Relative-Distance Similarity
The ensemble modelling procedure was applied to 7 empirical equations based on significant correlations between climatic information (such as average annual precipitation, Fournier modified index, monthly rainfall for days with ≥ 10.0 mm , ...) and locally measured erosivity of 4 geographical areas: Algarve (Portugal), Belgium, Bavaria (Germany) and Sicily (Italy) [13] [14] [15] [16] . The aggregated similarities for each equation have been normalized for estimating the ensemble erosivity map using weighted median [27, 32] of the 7 empirical models.
The contribution of each empirical equation based on its aggregated similarity was accounted to estimate a qualitative trustability map of the ensemble generalization. As a whole, the ensemble model is therefore a reproducible, unsupervised data-transformation model applied to climatic data to reconstruct erosivity.
Conclusions
A lightweight architecture has been proposed to support environmental modelling within the paradigm of semantic array programming [27, 28] . The applied methodology benefits from the array programming paradigm with semantic constraints to concisely implement models as semantically enhanced composition of interoperable modules.
An application for estimating the panEuropean soil erosion by water, using a revised version of the RUSLE model, has been carried out merging existing empirical rainfall-erosivity equations within a climatic ensemble model based on the novel relative-distance similarity. An accurate estimation of the rainfall erosivity factor, applying the proposed architecture, has been implemented and will be used for validating simplified R-factor equations. The similarity of 26 climatic indicators over the whole Europe is shown (red: maximum similarity; blue: maximum dissimilarity) and aggregated computing respectively the mean (B1), median (B2), minimum (B3) and geometric mean (B4).
Next Steps
The proposed architecture is designed to ease the future integration, within the same lightweight framework, of erosion-related natural resources models [11, 29] . In particular, forest resources and wildfires [33] , natural vegetation [34] and agriculture will be considered as key land cover factors under different climate change scenarios.
